Summary -The Spanish caprine sector, including the production of milk, goat populations, breeds and size of farms has been reviewed. The use of goat's milk, the types and manufacturing processes of the most characteristic Spanish cheeses have been examined. This study also reviews the current status of research on goat's milk and cheese: hygiene and quality, control, detection of mixtures of milk from difterent species, cheese technology and research projects currently underway. 
INTRODUCTION
ln 1991, Spanish goat stock numbered 2 972 thousand heads, nearly 50% of which were milk-bearing females over 1 yr old. Small herds are still prevalent: 46% of the 34 000 herds number < 30 heads, although another 22% number > 100 (Rodriguez Rebollo, 1992) . Unlike Spain's sheep flocks, goats are bred rnalnly for milk production, 62% of total output being from the Murciana-Granadina, Malaguena and Serrano breeds largely located in Andalucia and Castilla-La Mancha. Fourteen percent of the total is produced by the Canarias breed in the Canary Islands.
Milk output has increased considerably over the last 10 yr, rising from 290 million 1 in 1980 to 473 million 1in 1990. Of the total milk output, 13% is consumed locally as liquid milk and the rest is used in cheese-making. Of this, 11% is manufactured by hand. Traditionally, Spanish goat's milk cheese production has been a craft rather than an industrial process, and as a result there are many different local varieties, with fresh cheeses constituting the bulk of production. Other problems facing the industry are the seasonal character of production, peaking in spring, and the high cost of collection due to the location of the herds in remote mountain regions.
SPANISH GOAT'S MILK CHEESES
The Catalogue of Spanish Cheeses published by the Ministry of Agriculture (1991) lists 25 pure goat's milk cheeses, and 21 cheeses made from mixtures of goat's milk and cow's and/or ewe's milk. This means that of the total of 81 cheeses shown on the cheese map 57% are manufactured from goat's milk.
A substantial proportion of Spanish goat milk production is used to make cheeses based on a mixture of goat's, cow's and ewe's milks. Of these, special mention should be made of the Ibérico cheese, which has a standardized composition and characteristics and requires a minimum of 25% of each of the milks from the 3 species.
Most cheeses can be c1assifiedinto one of the following groups: fresh cheeses, soft-curd cheeses, serni-hard cheeses and hard pressed-eurd cheeses. Fresh cheeses are soft and either unfermented or subjected to natural lactic fermentation, and are marketed fresh or after 15-20 d of ripening. The most popular semi-hard, IightIy pressed-eurd cheeses are Huelva, .Valdeteja and Majorero cheeses, which are marketed after 1 month or 1 and a half months, although sorne are kept in oil for a much longer period. Artisanal Majorero cheese is made from raw goat's milk without the addition of starter cultures using rennet extracted from macerated, sundried kid stomachs. Coagulation takes place at an ambient temperature of up to 4Q-45°C for periods ranging from 15 min to 2 h. The cheeses are moulded in a variety of ways and salted, often being drysalted with NaCI.
Washed-eurd cheese is another successful product manufactured from goat's milk. The aim was to obtain a mild soft cheese for consumption over longer ripening periods than those for fresh cheeses. The basic difference between washed-curd cheeses and semi-hard cheeses is that the curd is washed with a sodium chloride solution to remove part of the residual lactose, thereby reducing acidity. The cheeses are brine-salted and matured for 1-2 months under conventional ripening conditions (1D-12°C ; 85% relative humidity) (Yubero, 1985) .
More recently, soft cheeses with surface flora have begun to be marketed in Spain. Their characteristics are similar to those of French goat's milk cheeses. They are made from pasteurized milk and arornatizing and acidifying mesophilic starters. Coagulation temperature is 2D-22°C, and coagulation time 18-20 h. The cheeses are brine-salted, dusted with Penicillium cendidum or Geotricum candidum spores, and ripened for 15-20 d. After ripening they are stored at Q-4°C until sale. The cheeses are cylindrical in shape and of variable height.
CURRENT STATUS Of RESEARCH IN SPAIN

Milk: hygiene and quality
A number of studies have been conducted on hygiene and quality of raw milk to evaluate lactoperoxidase (LP) and thiocyanate content through lactation in goat's milk in 2 economically important Spanish breeds:
Verata and Murciana-Granadina (Zapico et al, 1991) . Activation of the LP system might be a useful means of preserving raw milk at ambient temperatures and of impraving its bacteriological quality at refrigeration temperatures by addition of low levels of thiocyanate and hydragen peroxide, as LP concentration in goat's milk would not be a limiting factor. In a more recent study on the activity of goat's milk LP system on Listeria monocytogenes, the same authors (Zapico et al, 1992) found bacterial activity against 3 L monocytogenes strains at 4°C. The bacterial activity of the LP system in goat's milk persisted for 8 d at 4°C and for 5 d at 8°C.
The composition of milk from the most prevalent Spanish breeds has also been studied by a number of groups. Table 1 shows the range reported for the major components in milk fram the MurcianaGranadina and Canaria breeds. In sorne breeds, characterization has been more comprehensive, including nitrogenated fractions, proportion of. casein fractions, minerai elements and fatty-acid composition of the fats (Martin-Hernandez et al, 1988) .
Another aspect currently being investigated is the study of genetic variants of goat's milk cheese fram autochthonous breeds. Rabasco et al (1993a, b) employing high-resolution electraphoretic techniques including 2-dimensional electrophoresis to examine casein variants in milk from Verata goats, have reported qualitative and quantitative polymorphism in the u s 1-easein fraction. Genetic polymorphism of milk proteins (mainly u S l-easein) has been studied in the Spanish breeds Murciano-Granadina, Malaguena, Payoya and Canaria (Jordana et al, 1991) ; work is in progress to determine the correlation between this polymorphism and production traits in these breeds. Furthermore, molecular characterization of goat's milkl actoglobulin and Usl-easein has recently been performed , and gene constructs carrying regulatory sequences of these genes have been assayed in transgenic mice. The purpose of this study is the obtention of transgenic goats with overexpression of proteins in the mammary gland, thereby providing the possibility for manipulation of milk composition. Diaz Carrillo et al (1992) , have used near infra-red spectra (NIR) for quantitative determination of casein fractions in goat's milk and have correlated the different contents with milk yield. Genetic and non-genetic sources of variation in yield and composition of milk in Verata goats has been studied by Rabasco et al (1993a, b) . Ratios of cheese yield to coagulation parameters determined by thrombelastograph have been studied by Perez et al (1991) . Murciana-Granadina goat's milk presents excellent technological characteristics and optimum cheese yields.
Certain members of our group (LopezFandiüo et al, 1993) have conducted a comparative study by HPLC on caseinomacropeptides (CMP) from cow's, ewe's and goat's milk. The differences detected in chromatographie behavior between CMP from cow's, ewe's and goat's milk are useful in the detection by RP-HPLC of fraudulent addition of whey solids to milk.
Detection of mixtures of milk from different species
Another subject which has been studied by a number of research groups is the detection of mixtures of cow's, ewe's and goat's milk. Polyacrylamide-gel electrophoresis (PAGE), isoelectric focusing (IEF) and chromatographie (HPLC-RP) methods have been developed which can be applied to the whey protein fraction to identify the milk from each species. Amounts of 1-2% cow's or goat's milk have been detected in ewe's milk cheeses (Amigo et al, 1989; de Frutos et al, 1992) . Amigo et al (1991) have studied the influence of a number of technological parameters (type of coagulant, pressing, ripening time and heat treatment) in electrophoretic detection of cow's milk in ewe's milk cheeses. Whey proteins are less sensitive to proteolysis than caseins, but are more sensitive to heating. The same group compared an immunological and an electrophoretic method (IEF and PAGE) for the determination of goat's and cow's milk in the "Serra da Estrela" cheese. Adulteration of this type of cheese (coagulated by vegetable coagulant) mainIy took the form of addition of goat's milk. No significant differences were found in quantitative results via electrophoretis or isoelectric focusing.
Hernandez's group has developed polyclonai antibodies against whey proteins and total caseins in goat's milk. The antibodies developed against whey proteins can be neutralized or purified by immunoadsorption and biotinylated for use in an ELISA sandwich (Garcia et al, 1993) to determine and quantify the presence of goat's milk in ewe's milk. The antibodies developed against goat's milk caseins likewise neutralized or purified by immunoadsorption and biotinylated have been used in an indirect ELISA assay (Rodriguez et al, 1991) to determine the presence of goat's milk in ewe's milk and cheeses.
Calvo's group has developed 2 enzyme immunoassays based on immunodot techniques using antibodies against caseins (Aranda et al, 1988) or immunoglobulins (Calvo et al, 1989) to detect cow's milk in ewe's milk. Recently the same authors (Aranda et al, 1993) have designed an lmmunodot assay to detect the presence of goat's and/or cow's milk in ewe's milk and ewe's milk cheeses. These methods offer the advantage of high sensitivity and simplicity, and are suitable for use as "field" tests for a large number of samples.
Cheese technology
The chemical composition of some Spanish goat's milk cheeses has also been studied. Juarez et al (1991) and Juarez and Ramos (1992) have reviewed the advances in the manufacture of Spanish goat's milk cheeses. Studies on the microbiology of other Spanish goat's milk cheeses, namely Valdeteja, Gredos, and Acehuche, have been reviewed by Nuüez (1991).
The development of specific starters for the manufacture of semi-hard goat's milk cheeses .usinq autochthonous strains selected from artisanal cheeses is another feature that is of potential interest, since it could be used to produce cheeses with standard characteristics and longer ripening periods. At our laboratory, Requena et al (1992) At our laboratory Marttn-Hernàndez et al (1990) studied the effect of freezing on 5 types of goat's milk cheeses (fresh, semihard, washed-eurd, soft with surface f1ora, and Majorero). After brine-salting the cheeses were frozen in a plate freezer at -40°C or in liquid nitrogen vapor at -aO°C and then stored at -20°C for 4 months. After thawed, they were then ripened conventionally and analyzed periodically over the ripening period. The overail composition was not affected by freezing. The characteristics of the fat fraction were comparable in the control and,frozen batches; however, the level of free fatty acids was significantly higher in the previously frozen soft cheese with surface flora. The most significant variations in the proteolysis index values were recorded in the amino acid nitrogen fraction, which was higher in the previously frozen cheese. Organolepticaliy only the previously frozen fre~h cheese obtained a lower sensory analysis rating than the control cheeses. A project currently underway in the framework of the EC's ECLAIR programme has been set up along these lines. The aims of the project are: 1) isolation and characterization of the major lactic acidproducing bacteria in "natural" starters from Greece, Portugal, Spain, France and Italy; and 2) development of new dairy products using strains with unusual, flavor profiles. In this project we are worklnq on goat's milk products.
Current research projects
Approval has been recently given to the Agriculture and Agro-Industry programme, a project on the study of lactic bacteria which are not integrated in the starter. Another project, funded by the National Plan and the EC, is being implemented at the Institute for Industrial Fermentations. Its purpose is to study the influence of UHT heat treatment on the chemical composition of goat's milk, and more specificalIy, the behavior of proteins and carbohydrates during pasteurization and UHT processes.
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